This paper investigates whether there has been a structural increase in financial market integration in nine European countries and the US in the period 1980-2003. We employ a GARCH model with a smoothly time-varying correlation to estimate the date of change and the speed of the transition between the low and high correlation regimes. Our test produces strong evidence of greater comovement across the board for both stock markets and government bond markets. Dates of change and speeds of adjustment vary widely across country linkages. Stock market integration is a more gradual process than bond market integration. The impact of European monetary union (EMU) is rather limited, as it has mainly affected the timing of bond market correlation gains (but hardly their size) and has had little discernible effect on stock market integration.
Introduction
The process towards European Economic and Monetary Union (EMU) has given a tremendous impetus to financial market integration in Europe. Capital controls were completely eliminated in the course of the 1980s and 1990s. The introduction of the euro on 1 January 1999 removed all remaining exchange rate risk among the EMU participants, and marked the beginning of a single monetary policy for the euro area. As a consequence, the money market became fully integrated. It is widely believed that EMU will also greatly affect European capital markets via both direct and indirect effects (Danthine, Giavazzi and von Thadden 2000) . For example, currency matching rules for institutional investors became irrelevant for investments within the euro area. In the run-up to EMU, cross-country differences in long-term interest rates fell sharply as long-run inflation expectations declined in countries with historical records of high inflation, and fiscal discipline improved. The degree of comovement among European equity markets seems to have increased as well. However, a substantial degree of segmentation continues to exist in European capital markets. To Although EMU has clearly been an important driver for change, financial market developments in Europe are part of a global phenomenon. Financial integration has been spurred on a global scale by advances in information technology, the world-wide liberalization of cross-border financial flows, financial innovation as well as growing economic integration due to intensifying international trade relations and the internationalization of production through foreign direct investment. Over the past twenty years, the importance of financial markets in many industrialized economies has grown sharply, while at the same time asset returns tend to display a more synchronized behavior. This observation holds for both stock markets and bond markets. As a result, national economies are more frequently affected by disturbances originating in foreign financial markets, and these disturbances also tend to have more far-reaching consequences.
An accurate assessment of the degree of comovement among international financial markets is important for several reasons. For investors, the design of a well-diversified portfolio crucially depends on a correct understanding of how closely equity returns as well as bond returns are correlated across countries. Changes in international correlation patterns will in general call for an adjustment of portfolios. Supervisory authorities are interested in correlations among financial markets because of their implications for the stability of the global financial system. The preparation of monetary policy is also affected by international stock market developments, due to the international propagation of shocks via equity markets, the wealth channel and confidence effects. The global trend towards a greater role of the stock market in the economy has made this kind of spillovers more important. Moreover, greater covariation of bond yields in different correlation in order to formally test for a structural break in the correlation. Applying the model to stock market data from Germany, Japan, the UK and the US in the period 1980-2000, they find a statistically significant, broad-based increase in stock market comovement among Germany, the UK and the US, whereas the trend towards stock market integration seems to have bypassed Japan. Kaltenhaeuser (2003) obtains a simila r result on the basis of rolling window estimations of a constant-correlation GARCH model for the euro area, Japan and the US for the years 1986-2002.
The arrival of EMU has stimulated interest into the issue whether (the process leading up to) EMU has le d to increased integration of the national equity markets within the euro area. Having similar inflation rates and interest rates, a common monetary policy and constraints on fiscal policy (Stability and Growth Pact) can be expected to translate into greater similarity of the discount rates used to value future cash flows, and hence, a higher degree of stock market comovement. Using data from the period of the EMS (1989 EMS ( -1994 for several European countries, Bodart and Reding (1999) find that a decrease in exchange rate volatility is indeed accompanied by a rise in the correlation among bond markets. However, the evidence is rather weak for a similar effect on stock market correlations. Hardouvellis, Malliaropulos and Priestley (1999) analyze the pre-EMU experience with an asset pricing model with a time-varying degree of integration. They conclude that the degree of a country's stock market integration (with the global European index) is positively related to the markets' perception of the probability that the country will join EMU. According to their estimates, stock market integration made large leaps after 1995. Several other authors also report statistically significant gains in stock market integration from the second half of the 1990s onwards. This result is generally seen as supporting the view that the European unification process is promoting greater integration of European stock markets. For example, Fratzscher (2002) investigates stock market integration among European equity markets in the years 1986-2000, and concludes that stock markets in the euro area appear to be highly integrated since 1996 only. His research also suggests that reduced exchange rate uncertainty and monetary policy convergence have been the main driving forces behind the financial integration process.
Looking at the period 1985 -2002 , Brooks and Del Negro (2002 also detect significant gains in stock market integration in Western Europe starting in the late 1990s, as do Kearney and Poti (2003) , Cappiello, Engle and Sheppard (2003) , Christiansen (2004) , and Kim, Moshirian and Wu (2005) . Baele et al. (2004) show that stock return variances in the euro area are increasingly explained by common European shocks. This supports the view that the process of stock market integration has made greater progress in the euro are than in the rest of the world.
By contrast, Baele (2004) takes a different view on the link between stock market integration and the emergence of EMU. Employing longer time series than the papers cited above , his analysis based on a regime-switching GARCH model shows that the rise in European integration took mainly place in the second half of the 1980s and the first half of the 1990s. This finding suggests that further economic integration (boosted by the 1986 Single European Act) as well as efforts to further liberalize European capital markets were more important in bringing markets closer together than the process towards monetary integration and the introduction of the single currency. Baele's analysis suggests that equity market development, trade integration and price stability stimulate equity market integration. Sontchik (2004) even finds that, in terms of pricing error, stock market integration has declined after the launch of the euro. He cites a greater importance of asymmetric shocks, that can no longer be mitigated by monetary policy, and an increase in idiosyncratic risk (Campbell et al. 2001) as possible explanations for this counterintuitive finding. Surveying the evidence and the literature on this topic, Adjaouté and Danthine (2004) reach the cautious conclusion that one cannot exclude that there is a long-run upward trend in stock market correlations in Europe.
Empirical work on international bond market integration is relatively scarce. Christiansen (2003, 2004) estimates volatility spillover models in which volatility depends on global, regional and local effects. Her results for nine European bond markets show that bond market volatility in Europe is mainly affected by common European factors and own market effects before EMU. After the introduction of the euro, however, the influence of idiosyncratic factors appears to have decreased dramatically, while the importance of the European factor has sharply risen. Skintzi and Refenes (2004) Estimates by Cappiello, Engle and Sheppard (2003) of a dynamic conditional correlation GARCH model show a rapid change to a near-perfect correlation among EMU bond markets in the second half of the 1990s.
They also found an increase in correlation between the European and US bond markets.
A related literature is concerned with explaining international government bond yield differentials, focusing default risk premia and liquidity premia. Côté and Graham (2004) find that greater harmonization of both monetary and fiscal policies contributed to the convergence of long-term government bond yields in the euro area as well outside it. They also present evidence that EMU countries' bond markets are more influenced by German bond market developments than US market developments. Bernoth, von Hagen and Schuknecht (2004) report that the EMU period is characterized by lower liquidity premia for EMU members, pointing to a higher degree of integration of euro area bond markets. Baele et al. (2004) also conclude that the degree of integration of government bond markets in the euro area has been high since the introduction of the euro.
Bond yields have become increasingly driven by common news, and less by purely local risk factors.
The model
The empirical analysis focuses on the (bilateral) correlations between returns for all possible country pairs among the 10 countries (45 cases in all) for both stock returns and bond returns. The asset returns are modeled as a Smooth-Transition Correlation GARCH (STC-GARCH) process, which we developed in an earlier paper (Berben and Jansen 2005) . The bivariate observed time series of asset returns y t (t = 1, … , n), with elements y 1,t and y 2,t , is described by the following model
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where t s is the transition variable, and γ and c determine the smoothness and location, respectively, of the transition between the two correlation regimes. As our focus is on dominant, long-run trends in correlations among stock returns, there is one change in correlation regime and the transition variable is specified as a function of time:
The Smooth-Transition Correlation GARCH (STC-GARCH) model is able to capture a wide variety of patterns of change. If 0 ρ and 1 ρ differ, correlations move monotonically upward or downward, but the pace of change may vary strongly over time. 3 The change between correlation regimes is abrupt for large values of γ , while the transition can be made arbitrarily gradual for small values of γ . 4 Obviously, for 1 0 ρ ρ < an increase in the correlation will be observed, whereas for 1 0 ρ ρ > a decrease is obtained. Bollerslev's (1990) 3 Extending the model to more than two correlation regimes, which would open up the possibility of non-monotonic change over the sample, is beyond the scope of this paper, which focuses on dominant trends. 4 Note that if ∞ → γ , the transition between 0 ρ and 1 ρ becomes a step at cn t = .
constant correlation model shows up as a special case of the STC-GARCH model by setting either
To illustrate the range of feasible adjustment patterns, Figure 1 Assuming normality, the log-likelihood of the observation at time t is given by (ignoring constants)
where θ is the vector of all the parameters to be estimated. The log-likelihood for the whole sample from
This log-likelihood is maximized with respect to all parameters simultaneously, employing numerical derivatives of the log-likelihood. Robust standard errors of the parameter estimates are computed using the procedure proposed by Bollerslev and Wooldridge (1992 In the majority of multivariate GARCH models, the covariance matrix is specified directly; see Kroner and Ng (1998) for a survey. Notable exceptions are Engle and Sheppard (2001) and Tse and Tsui (2002) , who postulate the conditional correlation matrix to follow an autoregressive moving average process. Suitable restrictions are then imposed in order to guarantee that the conditional correlation matrix is always positive definite. 6 Hansen (1996) presents a general treatment of the issue of unidentified nuisance parameters in econometric tests.
Data
We use weekly holding period returns on stocks and government bonds for 10 countries: Belgium, Denmark, Berben and Jansen (2005) for the derivation of the LM test and some Monte Carlo evidence on the size and power of the test in small samples, and when returns follow fat-tailed distributions or conditional variances contain leverage effects. The empirical rejection frequency is found to be close to the nominal size in all cases. 8 We did not include Japan, because Berben and Jansen (2005) found that the LM test indicated that stock market correlations between Japan and the UK, the US and Germany respectively did not change in the years 1980-2000. 9 Burns, Engle and Mezrich (1998) show that aggregation to weekly returns largely solves the problems caused by nonsynchronous trading hours. 10 Monthly correlations display the same trending behavior as weekly correlations.
nominal terms, the average capital gain on stocks was the lowest for Germany (7.5%) and the highest for Denmark (13.9%). As in the case of bond returns, differences in average inflation rates can partly explain cross-country differences in long-run stock returns. captures the persistence in second moments of high frequency asset returns. Table 2 reports the correlation matrix of bond returns for two subsamples, one before EMU and one covering the EMU episode (1999) (2000) (2001) (2002) (2003) . The subsample meant to give a picture of the pre-EMU period runs from 1988 till 1995. We cut this subsample off at the end of 1995 rather than 1998, because the starting date of EMU was well-known in advance. It is plausible that financial market behavior in the years immediately prior to 1999 was significantly influenced by the impending introduction of the common currency and the convergence process as a result of the four EMU criteria laid down in the Treaty of Maastricht.
Unconditional correlations
Unconditional bond return correlations sharply increased across the board between 1988-1995 and 1999-2003 . The (unweighted) average of the 45 correlations in Table 2 almost doubled from 0.44 to 0.82.Among the five countries that adopted the euro the bond return correlation was over 0.96 in the EMU-era. German and Dutch bond returns are now almost perfectly correlated. This rise in comovement represents a dramatic change from the pre-EMU period, when the average correlation among EMU-members was 0.61. The correlation was as low as 0.37 for the pair Germany-Italy, and the largest correlation was 0.88 (GermanyNetherlands). Correlations between euro area countries and EU countries that have adopted the euro (Denmark, Sweden and the UK) also demonstrate a large gain, from an average of 0.50 in the pre-EMU period to 0.87 in the EMU period. Still, there is a sizable difference in the degree of comovement between EMU members on the one hand, and especially Sweden and the UK, which do not maintain a target zone vis-a-vis the euro, on the other hand. The rise in bond market integration is not a solely European affair, however. Comovement between the European and American markets greatly increased as well. Table 3 presents stock return correlations for the following time-spans: 1980-1987, 1988-1995 and 1999-2003 . Here too, a generalized increase in international comovement is observed, although it is somewhat less pronounced than for bond returns. The ( 1988-1995 and 1999-2003 , it is less apparent that there is an EMU factor. All correlations have risen at roughly the same pace. Moreover, the magnitude of the correlations between the UK and the euro area countries is comparable to that of the correlations among the euro area stock markets themselves. A similar pattern holds for Switzerland.
When and how quickly did correlations change?
In this section, we investigate whether a structural change has occurred in the correlations among the financial markets of our 10 countries. We first formally test the hypothesis of an unchanged correlation for each country pair and financial market (90 tests in all), applying the LM test of Berben and Jansen (2005) .
The values of the LM test statistic and the associated p-values are presented in Table A1 in the Appendix.
The null hypothesis of no change is rejected at the 1% significance level in 89 out of 90 cases. In fact, the marginal significance level of the test statistic is essentially zero for the large majority of country pairs. The exception is the stock return correlation between Germany and Switzerland, whose constancy is rejected at the 5% level (p-value 0.025), however. As the LM test produces overwhelming evidence in favor of change, we subsequently estimate the STC-GARCH model to determine the date and speed of these changes, obtaining a profile of the correlation's evolution over time. We also contrast the experiences with stock market integration and these with government bond market integration in the past twenty years or so. This may shed light on the interesting question to which fundamental forces seem to shape the integration process in financial markets, and to what extent these forces may differ between stock markets and government bond markets.
Bond return correlations
We first estimate the STC-GARCH model for bond returns, using all available observations for each country pair. As the parameter of the model are difficult to interpret, we report the estimates of the parameters of the (Tables A2 and A3 ). 11 Table 4 presents the main characteristics of the time profile of the bond market correlations that can be derived from the estimates. We first show the estimated values of the correlation at the start of the sample and in December 2003. 12 Next we present the change in the correlation over this time-span. Under the heading 'break date' we report the month that corresponds to the parameter c, which determines the location of the inflection point of the transition curve. This is the point in time at which the correlation changed at the fastest pace. The next column reports by how much the correlation changed during the year surrounding the break date (6 months before through six months after the break date). The final column expresses the change during this twelve months period as a percentage of the total change over the complete sample. The larger this percentage, the more abrupt the transition has been.
Finally, to get a sense of the shape of the correlations' evolution through time, the Appendix also presents plots of all estimated time profiles. The rows of the table refer to the 45 possible country pairs, which are grouped together in the following way. The first ten rows present the results for all possible pairs within the euro zone. The next 15 rows involve the pairs between our five euro area countries and the three EUmembers that did not adopt the euro. We then present the results for the three pairs among the latter three countries. Links between Switzerland and EU-countries are next, and the table closes with all the country pairs involving the US.
A glance through Table 4 Table 4 is that bond market integration among the ten industrialized countries of our sample underwent a sea change in the past 20 years. To an important extent this is a global phenomenon. However, significant differences in the size, and pace and timing of correlation changes can be observed between different groups of countries.
As expected, the five countries from the euro area display the most dramatic changes in bond market integratio n. The average estimated correlation among the EMU members is around 0.97 at the end of 2003.
The most extreme transitions involve Italy. In a very short time, Italy's bond return correlations with the other EMU participants increased by 0.50 to 0.60 points to a level of about 0.95. In fact, 55% to 70% of this tremendous gain was accomplished within the span of a year (mid-1997 through mid-1998). The correlations among the other EMU members also show large gains, and much of these can be dated to the second half of 11 To save space we do not report estimates of the GARCH parameters, which are highly significant and confirm the well-established fact that conditional second moments are highly persistent for high frequency financial asset returns. Engle's LM statistic for remaining ARCH and Lundbergh and Teräsvirta's (1999) LM statistics for parameter constancy indicate that the univariate GARCH(1,1) specifications are adequate. The full set of estimation and test results is available from the authors upon request. 12 Note that these values may considerably differ from 0 ρ or 1 ρ . As Figure 1 shows, it is possible that 0 ρ and/or 1 ρ will not be observed within the sample period, for example because of a slow transition after a break early in the sample. the 1990s. In these cases the transition appears to have been fairly swift as well, with the twelve months of fastest change typically accounting for around 30% of the total increase. The one exception is the DutchGerman link, for which the break is pinpointed in the middle of 1990 and much of the gain was accomplished by 1995 already. The correlation was comparatively large in 1980 (over 0.60) and only rose gradually over time. The Dutch and German bond markets were the best integrated pair within the euro area in the pre-EMU years.
Like Cappiello, Engle and Sheppard (2003), we estimate that EMU government bond markets have been nearly perfectly correlated since the start of EMU. As a result, diversification opportunities within the euro area have become very poor for investors in bonds. The tremendous increase in comovement within the euro area has its counterpart in the close convergence of long-term interest rates in the years leading up to the start of EMU. The cross-country standard deviation of the 10-year government bond yield among all EMU members spectacularly declined from 2.1 percentage points in 1995 to less than 0.2 percentage points in 1998 (Baele et al. 2004) . among the countries that adopted the single currency, it has had no discernible effects on integration after 1999 (see also Baele et al. 2004) . By contrast, bond market integration outside the euro area has continued to make advances after 1999. The rather small differences at the end of 2003 between linkages among euro countries themselves on the one hand, and those between euro countries and non-euro countries on the other hand, in combination with the finding that the latter group of linkages has evolved more smoothly over time,
suggest that the arrival of EMU has mainly affected the timing of the rise in integration.
The patterns of change within the European Union suggest that exchange rate stability (credibility of pegs) may be an important driving factor of bond market integration. This is consistent with research by Bodart and Reding (1999) , who found that a decrease in exchange rate volatility is associated with a rise in bond 
Stock market return correlations
Turning now to the stock market experience, Table 5 In the euro area, stock market integration has progressed at a fairly constant pace. Relatively swift transitions only occur for Belgium, but these transitions are still rather modest by bond market standards.
Episodes with the most rapid change are generally located in the la te 1980s or early 1990s, preceding the convergence phase prior to EMU by a wide margin. Our results corroborate those of Baele (2005) , who finds that the largest increase in stock market integration took place in the period 1985-1995. In 2003, the average stock market correlation within the euro area equaled 0.79 (compared to 0.97 for the government bond markets). Euro area bond markets thus exhibit a much larger tendency to move together than euro area stock markets. Moreover, stock markets display larger differences in integration than bond markets. Belgium is the least integrated stock market in the euro area. also suggest that exchange rate stability has a minor influence on stock market integration, which is in accordance with the empirical findings of Bodart and Reding (1999) . For example, stock market linkages between the euro area and UK are much tighter than those between the euro area and Denmark, despite the peg between the Danish krone and the euro, whereas for government bond market linkages the reverse pattern is observed.
Stock market return correlations, 1988-2003
As explained in section 3, our STC-GARCH model estimates the dominant trend of the correlation over the period Figure 4 plots the evolution of stock return correlations among country groups. In a large number cases Table 6 
Conclusion
This paper investigates whether there has been a structural increase in financial market integration in nine European countries and the US. We focus on the dominant trend of conditional cross-country correlations in both stock and bond markets in the period 1980-2003. Employing a series of bivariate GARCH models with a smoothly time-varying correlation, we first formally test the constant-correlation hypothesis directly by way of a Lagrange Multiplier (LM) test. Our procedure thus avoids the statistical deficiencies which often afflic t other approaches in the literature, since both the date of change and the speed of the transition are endogenous.
Our main findings can be summarized as follows. The LM-test produces very strong evidence of greater comovement across the board for both stock markets and bond markets. Dates of change and the speeds of the transition between low and high correlation regimes vary widely across countries. This finding suggests that the observed structural shift towards a greater degree of comovement among international financial markets is not solely governed by global factors -such as advances in information technology, financial innovation, greater trade interdependence and convergence of inflation rates to a low level -but that country-specific factors also have a substantial impact. Relevant country-specific factors may be exchange rate risk, market size, differences in economic policies and financial market regulation, and differences in transaction costs and information costs. Apart from the large global component, the integration process in Europe contains a substantial common factor. For euro area countries, the highest correlations are found among themselves, and the lowest with the US and Switzerland.
Comparing the correlation time profiles across type of market, we find that stock market integration is a more gradual process than bond market integration. Moreover, exchange rate stability and monetary (and fiscal) policy convergence appear to be more important drivers for bond market integration than stock market integration. Regarding the emergence of the European monetary union on 1 January 1999, our results suggest that its impact has been rather limited. For government bond markets, EMU has affected the timing of the integration advances rather than the size of them. The run-up to EMU in the years 1996-1998 coincides with a sudden and large increase in bond market correlations among euro area countries to nearperfect levels, translating into a large gap between correlations among euro adopters on the one hand and correlations between euro adopters and non-adopters on the other hand at the beginning of 1999. However, this gap has not persisted, as over the next five years bond market linkages between EMU members and non-EMU members have continued to strengthen. As for stock markets, EMU appears to have hardly influenced the pace of stock market integration within Europe. Much of the gains were realized in the late 1980s and early 1990s. Although an acceleration of the integration trend in the euro area was detected in the late 1990s
when we focused on a shorter sample, this appears to reflect a global factor.
The implication of our research for investors is that opportunities for portfolio diversification within the industrialized world have greatly deteriorated over the past few decades. This holds especially for bonds from euro area countries, which have become practically interchangeable. For policy makers, significantly higher correlations mean that financial market disturbances in one country are more likely to be transmitted to other countries, which may have adverse consequences for the stability of the global financial system.
International stock market spillovers have also become more significant as the link between stock market and real economy has intensified, for example because of greater share holdings by households.
Our finding of widely varying dates and speeds of structural change is a strong reminder that a flexible approach to modeling structural change really pays dividends. This is an important lesson for future research. However, our methodology still contains some important restrictive elements, in particular the strict monotonicity of correlation change and the limitation to two correlation regimes. As our research provides some preliminary evidence that stock market integration may have advanced in two stages (late 1980s and late 1990s), relaxing these restrictions is an interesting topic for future research. The introduction of more than two correlation regimes would accommodate progression in phases. It would also allow humpshaped time profiles, and thus avoid the imposition of strict monotonicity. An alternative set-up would be not to use time as the transition variable, but a measure of interdependence, for instance international trade
patterns. As such variables may not be necessarily monotonic, this also introduces the possibility of nonmonotonic change. An additional advantage of this approach is that it may shed some light on the underlying causes of long-run changes in the degree of financial market comovement. Finally, a natural extension of our analysis is to estimate a single multivariate STC-GARCH model instead of a series of bivariate STC-GARCH models, or to include both bond returns and stock returns in the STC-GARCH model, as in
Christiansen (2004). 
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Note: EAEA = correlations among euro area countries (Belgium, France, Germany, Italy, the Netherlands); EANEA = correlations between the euro area countries and Denmark, Sweden, and the UK; EUUS = correlations between the EU countries and the US. 
